To assess the role of ␥-tubulin in spindle assembly
cones. Finally, ectopic cytokinesis furrows are
(arrowheads) and the two asters fused or very close to often formed at the distal end of the cone. Our results each other at the base (asterisk). Such figures had not been suggest that microtubule polymerization or reported before in other meiotic mutants in Drosophila [6, stabilization from the centrosome may be possible 7] . ␥Tub23C PI early spermatid cysts contain only 16 cells, in a ␥-tubulin-independent manner in Drosophila and each spermatid has several nuclei of different sizes spermatocytes. However, ␥-tubulin seems to be associated with a single large nebenkern, revealing the essential for spindle assembly in these cells. failure of the two meiotic divisions. (Figure 1h ) (also see Finally, our results show that at least part of the the Supplementary material). Around 75% of these cysts central spindle and constriction-ring assembly contain small anuclear and anastral cell fragments that machinery can operate on microtubule bundles that carry a small nebenkern (arrows in Figure 1h ), suggesting are not organized as bipolar spindles. that some highly asymmetric cytokinesis takes place in these cells. only form a disordered mesh that bears no resemblance to the bipolar spindles found at this stage in control spermatocytes ( Figure 2b ). As meiosis proceeds, the microtu- The abundance of microtubules in ␥Tub23C PI spermatocytes is quite remarkable given the very low ␥-tubulin PI males contain only 16 cells that have a large nebenkern associated with a few nuclei (nu) of different sizes. Several small cellular fragments containing only a small nebenkern (arrows) are also present in these mutant cysts. The scale bar represents 10 m, except for in (c) and (g). levels observed in these cells. If the leaky function prosome-independent pathway has been reported in several experimental models, including Drosophila neuroblasts vided by this mutant allele is able to sustain the observed levels of microtubule polymerization, ␥-tubulin must be and spermatocytes, in vitro [11] and in vivo [12] [ [13] [14] [15] [16] . We do not understand the reason for this failure to orgapresent in vast excess in wild-type spermatocytes. Alternatively, microtubule polymerization and stabilization at nize the meiotic spindle. A simple explanation could be the presence of impaired, but partially functional, centrothe centrosome may not be completely dependent upon ␥-tubulin in these cells. This interpretation is also supsomes that may still function as the major MTOCs (microtubule organizing centers) in these cells, thus overriding ported by previous work carried out in Drosophila, Caenorhabditis elegans, and Schizosaccharomyces pombe [3, 4, [8] [9] [10] .
the organizing activity of the acentrosomal spindle assembly pathway. This hypothesis is not supported by the absence of organized spindles in ␥Tub23C PI asl doubleHowever, despite the presence of a significant number of microtubules, bipolar spindles are never assembled in mutant spermatocytes (data not shown). However, some centrosomal function may still remain in the double mu␥Tub23C PI mutant spermatocytes. This is a surprising result given that spindle self-assembly through a centrotant. In this regard, it would be very interesting to investi- gate the phenotype of cnn ␥Tub23C PI double-mutant the two asters that had initially segregated collapse back together again [10] . As meiosis proceeds in the mutant spermatocytes. An alternative interpretation could be that cells (Figure 3g ), the condensed bivalents (black arrow) the dynamic properties of the microtubules present in are clearly visible, and a large number of microtubules is ␥Tub23C
PI cells are such that they no longer serve as good revealed by their association with phase-dark membranes substrates for the organizing activities of the molecular (pdm in Figure 3g ). At this stage, most microtubules are motors involved in the acentrosomal spindle assembly sorted into two populations that emanate from each aster. pathway [17] .
Their distal ends can be seen moving along the cell membrane, becoming clustered at one side of the cell. CoincidTo get a better understanding of the process of assembly ing with the separation of the homolog univalents (Figure of the cones found in ␥Tub23C PI spermatocytes, we fol3h, arrows), and thus at a stage similar to anaphase, the lowed meiosis in these cells by time-lapse microscopy. At microtubule array found in the mutant starts to elongate late prophase, the two mutant asters that had previously and continues to do so until the new nuclear envelopes migrated apart start to approach each other, and the reare formed (Figure 3i ). Finally, this microtubule network mains of the nuclear envelope become deformed (Figure is disassembled at the end of meiosis I (Figure 3j ). Thus, 3f). Similar results have been observed in C. elegans emthe time of organization and elongation of the cone found in ␥Tub23C PI spermatocytes corresponds with the timing bryos in which, following ␥Tub inactivation by RNAi, of organization and elongation of the wild-type central spindle.
Given the similarities in the dynamics of assembly and elongation of mutant cones and wild-type central spindles, we decided to investigate the presence of common molecular components. To this end, we studied the localization of the wild-type central spindle markers Polo and Klp3A [18, 19] in the mutant cones. Immediately before nuclear envelope breakdown, the V-shaped centrosomes characteristic of these cells [20] are strongly labeled by a functional GFP-Polo fusion [21] that, at this stage, also very distinctively labels the nucleolus. Two pairs of centrosomes can be seen at nearly opposite sides of the nucleus, both in wild-type and in ␥Tub23C PI mutant spermatocytes (arrows in Figure 4a ,aЈ,e,eЈ). However, as meiosis proceeds in the mutant, the centrosomes get closer to each other and the spindle fails to become organized ( Figure  4f,fЈ) . When the microtubule cone is formed, the GFPPolo fusion strongly accumulates at the pointed end (arrowhead in Figure 4g ,gЈ; also see the Supplementary material), just as it does in the wild-type spindle midzone (Figure 4c,cЈ) . It also labels the centrosomes in both wildtype and mutant cells. During cytokinesis, GFP-Polo colocalizes with the constriction ring in the wild-type (arrowheads in Figure 4d ,dЈ). In those instances in which highly asymmetric cytokinesis take place in the mutant cells, the GFP-Polo fusion is localized near the furrow (Figure  4h,hЈ) . Similar results were obtained with Klp3A. In wildtype spermatocytes, the kinesin-like protein Klp3A accumulates in the central spindle midzone (Figure 4i ) [19] . In ␥Tub23C PI mutant spermatocytes, Klp3A is found at the pointed end of the cone (Figure 4j) . Therefore, at least part of the machinery involved in the assembly of the constriction ring may also be used to organize the pointed end of the cone.
Therefore, the cone-shaped microtubule arrays found in ␥Tub23C PI mutant spermatocytes bear some striking similarities to wild-type central spindles (schematically shown in Figure 4k,l) . First, they are assembled midway through Time-lapse series of (a-e) wild-type and (f-j) ␥Tub23C mutant cones. Finally, highly asymmetric cytokinesis can dle assembly, and allows for the activity of the mechanisms that organize central spindles. occur within ␥Tub23C
PI mutant cells at the distal end of the cone.
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Supplementary material including Materials and methods, Western blot
In summary, we have found that the depletion of ␥-tubuanalysis of the levels of ␥-tubulin in the ␥Tub23C mutant flies, immunoflulin caused by the ␥Tub23C PI mutant allele does not prevent orescence localization of ␥-tubulin during spermatiogenesis, phenotypes that are not reported in the manuscript, the videos from which Figure 3 microtubule polymerization or stabilization, abolishes spin- 
